Introduction {#sec1-1}
============

Diabetic nephropathy (DN) is one of the most common causes of end-stage renal failure. It is widely appreciated that normalization of the blood glucose level and vigorous treatment of hypertension retard nephropathic changes.\[[@CIT1]\] It is also known that many patients with apparently excellent metabolic control have serious complications, whereas those with overtly poor control may be free from clinical problems for many years.\[[@CIT2]\] Because several factors may contribute to the development of tissue damage, strict control of blood glucose level has not yet been shown to prevent or reverse progressive kidney disease in humans.\[[@CIT3]\] The pathogenesis of progressive renal damage is multifactorial and the mechanism by which hyperglycemia causes microangiopathy in diabetic glomeruli is still poorly understood. Renal damage may be triggered and sustained by a combination of hemodynamic (increased glomerular pressure and flow), metabolic (hyperglycemia, dyslipidemia and hyperphosphatemia), humoral (angiotensin II and endothelins) and immunological mechanisms.\[[@CIT4]\] Till date, irrespective of the pathogenesis, there is no satisfactory treatment of progressive DN other than attempting to decrease the symptoms by treatment with angiotensin converting enzyme inhibitors, restriction of dietary protein and treatment of hyperglycemia and dyslipidemia.\[[@CIT5]\] Recently, irbesartan (an angiotensin II receptor antagonist) has been used as an antihypertensive agent.\[[@CIT6]\] Because the renin angiotensin system has been reported to be an important contributory factor in the pathophysiology of DN, exogenous administration of angiotensin II receptor antagonist may be beneficial in counteracting some biochemical or functional changes of DN. The present study was therefore undertaken to evaluate the preventive role of irbesartan in streptozotocin (STZ)-induced DN in rats.

Material and Methods {#sec1-2}
====================

Animals used {#sec2-1}
------------

Adult albino rats, of either sex, weighing between 250 and 300 g were maintained under standard conditions with food and water *ad libitum*. The study was approved by the Institutional Animal Ethical Committee.

Grouping and treatment {#sec2-2}
----------------------

Animals were divided into four groups of 10 each. Group I served as non-diabetic control and received citrate buffer. Animals in group II were made diabetic with STZ (Sigma Chemicals, St Louis, Missouri, USA) with a single injection of 50 mg/kg i.v. (in 0.05 mol/L citrate buffer, pH 4.5). Group III received irbesartan (Sun Pharma, Mumbai, India) 5 days prior to STZ (20 mg/kg, p.o., daily) and continued for 16 weeks along with STZ (as to group II). In group IV, STZ (as to group II) was given along with regular insulin (Sarabhai, Baroda, India) (4 U/kg, s.c., twice daily) for 16 weeks to make these rats euglycemic.

Biochemical analysis {#sec2-3}
--------------------

Samples for glucose monitoring were obtained from the tail vein after 48 h of STZ and every 4 weeks thereafter, up to 16 weeks. Blood glucose was determined by the glucose oxidase method.\[[@CIT7]\] Rats showing serum glucose levels \>250 mg/dl, after 48 h of STZ, were considered diabetic. The extent of DN was assessed biochemically by measuring the urine volume, protein and electrolytes. In addition, blood urea and serum and urine creatinine were estimated and creatinine clearance (GFR) was calculated. Each rat was housed individually in a metabolic cage and urine volume was measured for 6 h Urine proteins were measured using biuret reagent after precipitation.\[[@CIT8]\] Urinary electrolytes (Na+ and K+) were estimated by flame photometry. Blood urea was estimated by the diacetyl monoxime method.\[[@CIT9]\] Serum and urine creatinine were determined by modified Jaffe\'s reaction.\[[@CIT10]\] Results were statistically analyzed by Student\'s *t*-test (unpaired). A value of *P* \< 0.01 was considered as highly significant.

Results {#sec1-3}
=======

The mean blood glucose value in the control group was 90.5 ± 1.17 mg/dl. There was a sustained increase in blood glucose in animals treated with STZ. STZ-induced diabetes in rats produced hyperglycemia within 48 h and the levels remained more than 260 mg/dl throughout the experimental period of up to 16 weeks. Irbesartan pre-treatment failed to influence the blood sugar levels in STZ diabetic rats. However, insulin pre-treatment completely prevented the development of STZ-induced hyperglycemia in rats. Mean urinary output in normal rats was in the range of 3.5 ± 0.19 to 4.3 ± 0.09 ml/6 h. On the other hand, a marked and sustained increase in urine volume was observed in diabetic animals throughout the experimental period. However, polyuria was more marked in the early weeks of diabetes (mean urine output 14.4 ± 0.33 ml/6 hr at 4 weeks) and gradually declined (6.4 ± 0.55 ml/6 h at 16 weeks), although it was significantly higher than the control group. STZ-induced diuresis returned towards normal by pre-treatment with irbesartan and insulin. There was a slight decrease in urinary Na^+^ and K^+^ excretion in STZ-treated diabetic rats. Insulin as well as irbesartan prevented the decrease in electrolyte excretion and the values became comparable to that of controls. There was no proteinuria in the control groups. A sustained increase in urinary protein excretion was observed in diabetic rats (*P* \< 0.01). Although insulin pre-treatment completely prevented proteinuria, irbesartan pre-treatment significantly reduced the urinary excretion of protein in these animals \[[Table 1](#T0001){ref-type="table"}\].

###### 

Effect of irbesartan (20 mg/kg/p.o.) pre-treatment on urinary protein excretion in STZ-induced diabetic rats

  *Group*               *Urine protein (g/L)*                                                                                                                                             
  --------------------- ----------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------------
  I Control             Nil                     Nil                                           Nil                                           Nil                                           Nil
  II STZ                Nil                     1.0 ± 0.07                                    1.6 ± 0.16                                    1.9 ± 0.16                                    2.1 ± 0.13
  III Insulin + STZ     Nil                     57.3 ± 2.2                                    70.3 ± 3.3                                    65.8 ± 2.5                                    61.8 ± 2.0
  IV Irbesartan + STZ   Nil                     0.5 ± 0.04[‡](#T000F1){ref-type="table-fn"}   0.8 ± 0.06[‡](#T000F1){ref-type="table-fn"}   0.9 ± 0.08[‡](#T000F1){ref-type="table-fn"}   0.8 ± 0.09[‡](#T000F1){ref-type="table-fn"}

Statistically analyzed by Student\'s t-test (unpaired),

*P* \< 0.01 when compared with group II, values are mean ± SEM; n = 10 in each group

Increased blood urea levels were observed in STZ diabetic rats as compared with controls. Insulin as well as irbesartan pre-treatment markedly reduced the elevated levels of blood urea in these rats (*P* \< 0.01) \[[Table 2](#T0002){ref-type="table"}\]. STZ treatment resulted in a gradual decline in GFR (creatinine clearance). Creatinine clearance was improved following pre-treatment with insulin as well as irbesartan \[[Table 3](#T0003){ref-type="table"}\].

###### 

Effect of irbesartan (20 mg/kg, p.o.) pre-treatment on blood urea levels in STZ-induced diabetic rats

  *Group*               *Blood Urea (mg/dl)*                                                                                                                                                   
  --------------------- ---------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- -----------------------------------------------
  I Control             18.0 ± 0.52            20.8 ± 0.84                                     19.9 ± 0.60                                     21.3 ± 0.86                                     21.6 ± 0.98
  II STZ                17.5 ± 0.69            68.7 ± 1.57\*                                   106.0 ± 3.40\*                                  136.0 ± 7.77\*                                  150.0 ± 8.43\*
  III Insulin + STZ     19.3 ± 0.77            21.2 ± 0.78[‡](#T000F2){ref-type="table-fn"}    22.5 ± 0.73[‡](#T000F2){ref-type="table-fn"}    23.6 ± 0.50[‡](#T000F2){ref-type="table-fn"}    24.4 ± 0.58[‡](#T000F2){ref-type="table-fn"}
  IV Irbesartan + STZ   17.7 ± 0.63            39.9 ± 0.48[‡](#T000F2){ref-type="table-fn"}†   37.9 ± 0.48[‡](#T000F2){ref-type="table-fn"}†   35.5 ± 1.02[‡](#T000F2){ref-type="table-fn"}†   32.0 ± 0.79[‡](#T000F2){ref-type="table-fn"}†

Statistically analyzed by Student\'s t-test (unpaired),

*P*\<0.01 when compared with group II, values are mean ± SEM; n = 10 in each group

###### 

Effect of irbesartan (20 mg/kg, p.o.) pre-treatment on creatinine clearance in STZ-induced diabetic rats

  *Group*               *Creatinine clearance (ml/min)*                                                                                                                                                                                
  --------------------- --------------------------------- --------------------------------------------- ------------------------------------------------------------------------------- ---------------------------------------------- ------------------------------------------------------------------------------
  I Control             1.1 ± 0.18                        20.8 ± 0.84                                   19.9 ± 0.60                                                                     21.3 ± 0.86                                    1.2 ± 0.06
  II STZ                0.9 ± 0.07                        1.8 ± 0.16                                    0.9 ± 0.12                                                                      0.2 ± 0.11[\*](#T000F3){ref-type="table-fn"}   0.1 ± 0.03[\*](#T000F3){ref-type="table-fn"}
  III Insulin + STZ     0.9 ± 0.08                        0.9 ± 0.07[‡](#T000F4){ref-type="table-fn"}   0.8 ± 0.06                                                                      0.8 ± 0.08[‡](#T000F4){ref-type="table-fn"}    0.7 ± 0.03[‡](#T000F4){ref-type="table-fn"}
  IV Irbesartan + STZ   1.0 ± 0.03                        0.7 ± 0.03[‡](#T000F4){ref-type="table-fn"}   37.9 ± 0.48[‡](#T000F4){ref-type="table-fn"}[†](#T000F5){ref-type="table-fn"}   0.5 ± 0.15                                     0.4 ± 0.02[‡](#T000F4){ref-type="table-fn"}[†](#T000F5){ref-type="table-fn"}

Statistically analyzed by Student\'s t-test (unpaired),

*P*\<0.01 when compared with the control (group I),

*P*\<0.01 when compared with group II,

*P*\<0.01 when compared with group III, values are mean ± SEM; n = 10 in each group

Discussion {#sec1-4}
==========

Results of the present study confirm that STZ, which is commonly used as a diabetogenic agent in experimental animals,\[[@CIT11]\] causes hyperglycemia, polyuria, macroproteinuria as well as decrease in GFR. Under such conditions, hyperglycemia is a result of damage to the beta cells. Insulin is frequently used to reverse the changes.\[[@CIT12]\] One of the long-term complications of diabetes is nephropathy. Microalbuminuria and hypertension are the risk factors for DN. It has been reported that blockage of the renin--angiotensin system slows the progression to DN in patients with type 1 diabetes.\[[@CIT13]\] Some recent studies have also demonstrated the renoprotective effect of the angiotensin II receptor antagonist, irbesartan, in hypertensive patients.\[[@CIT14]\] The results of the present study indicate that irbesartan is beneficial in preventing experimental DN in rats, which excreted a large amount of protein in their urine. The beneficial effects of irbesartan in these rats with macroproteinuria may be due to blockade of impact of angiotensin II on blood pressure, renal hemodynamics and non-hemodynamic action of angiotensin II by blockade of growth-promoting, profibrotic and other actions. The mechanism of renoprotection by irbesartan may, however, be complex, involving hemodynamic factors that lower intraglomerular pressure.\[[@CIT15]\] It is speculated that intrarenal generation of angiotensin II constricts renal efferent arterioles and causes an increase in glomerular hydraulic pressure. Glomerular hyperfilteration and hypertension may then initiate and induce glomerular lesions.\[[@CIT16]\] Hence, the angiotensin II receptor antagonist irbesartan is expected to cause renal vasodilatation. Chronic treatment with irbesartan in Fawn-hooded hypertensive rats has also been shown to normalize systemic blood pressure and glomerular capillary hydraulic pressure, which prevented the development of proteinuria and glomerulosclerosis.\[[@CIT15]\]

Recent evidence suggests that nephrin located in the slit diaphragm of the glomerular podocyte could also play a key role in the function of the glomerular filtration barrier and the development of proteinuria.\[[@CIT17]\] These workers have demonstrated a significant reduction in both gene and protein expression of nephrin in long-term spontaneously hypertensive rats. These changes in nephrin levels were completely prevented by angiotensin receptor blockers. It is possible that some of the renoprotective effect of irbesartan may also be mediated via the AT2 receptor.\[[@CIT18]\] Besides its renoprotective effect on massive proteinuria, the drug also affects other biochemical and metabolic functions, suggesting that this angiotensin II receptor blocker should be regarded as an important renoprotective agent.
